The Cenozoic tectonic evolution of Thailand is widely considered to have been primarily 11 controlled by forces generated at the eastern Himalayan syntaxis. This hypothesis is supported by 12 earthquakes in northern Indochina and southern China, which reveal a fan shaped present-day 13 maximum horizontal stress (S Hmax ) pattern centered on the eastern Himalayan syntaxis. However, 14 the distance to which forces generated by the Himalayan syntaxis influence the stress pattern in 15 Indochina is not known. We analyzed caliper and image logs from 106 petroleum wells for 16 borehole breakouts and drilling-induced fractures. A total of 558 breakouts and 45 drilling-17 induced fractures were interpreted in six basins, indicating that a north-south regional present- processes also influence the stress field in Thailand. We suggest that stresses generated by the 27 Sumatran-Andaman subduction zone may also have resulted in significant deformation in 28 offshore Thailand and that the stress pattern may also be perturbed at very local (several km) 29 scales by mechanically weak faults. 30 31
The Cenozoic rift basins of central, western, northern and offshore Thailand are highly variable 170 in size, with many being only 10s-100s km 2 in size and 10s to 100s of meters deep. The N-S 171 orientation of these basins has been suggested to indicate that they are purely the result of 172
Himalayan extrusion, with the basins forming as pull aparts due to displacement along major 173 NW-SE trending faults (Tapponnier et al., 1986; Polachan et al., 1991) . Some basins in western 174 and northern Thailand do appear to have a strike-slip or oblique extension origin, but basins8 further to the south and east grade into extensional basins where a purely strike-slip origin can be 176 disproved (Morley, 2001; Morley, 2007) . Furthermore, Cenozoic strike-slip deformation has 177 arisen from both deformation at the eastern Himalayan syntaxis (Huchon et al., 1994 ; Kong & 178 Bird, 1997) 
Determination of Present-Day Maximum Horizontal Stress Orientation 202
The present-day stress tensor in sedimentary basins is conventionally simplified to consist of four 203 components: the vertical stress magnitude, S Hmax magnitude, minimum horizontal stress 204 magnitude and S Hmax orientation (Bell, 1996) . The vertical, maximum and minimum horizontal 205 stresses are typically assumed to be principal stresses, particularly in sedimentary basins that 206 generally have little topographic variation (Bell, 1996) . Herein, we focus primarily on 207 determining the S Hmax orientation, which is assumed to represent a principal stress. Present-day 208 S Hmax orientations in Thailand's basins were determined from borehole breakouts and drilling-209 induced fractures (DIFs) interpreted from four-arm caliper and resistivity image log data. When a 210 borehole is drilled, the material removed from the subsurface is no longer supporting the 211 surrounding rock. As a result, the stresses become concentrated in the surrounding rock (i.e. the 212 wellbore wall; Kirsch, 1898). Borehole breakouts are stress-induced elongations of the wellbore 213 and occur when the wellbore stress concentration exceeds that required to cause compressive 214 failure of intact rock (Bell & Gough, 1979) . The elongation of the cross-sectional shape of the 215 wellbore is the result of compressive shear failure on intersecting conjugate planes, which causes 216 pieces of the borehole wall to spall off (Bell & Gough, 1979) . The maximum circumferential 217 stress around a vertical borehole occurs perpendicular to the maximum horizontal stress (Kirsch, 218 1898). Hence, borehole breakouts are elongated perpendicular to the maximum horizontal stress 219 direction (Bell & Gough, 1979) . 220 tools are processed to obtain information about the formation (primarily dip and strike of 232 bedding) and to calculate hole volume (Schlumberger, 1986) . However, borehole breakouts can 233 be interpreted from unprocessed HDT log data. The logs used to interpret breakouts from the 234 HDT are the: 235 borehole deviation (DEVI) and azimuth (HAZI); 236 azimuth of pad one (P1AZ); 237 bearing of pad one relative to the high side of the hole (RB), and; 238 diameter of the borehole in two orthogonal directions ('caliper one' (C1) given by arms one 239 and three and 'caliper two' (C2) from arms two and four). 240
241
The tool tends to rotate as it is pulled up the borehole due to the lay of the cable (cable torque). 242
However, the tool stops rotating where the cross-sectional shape of the borehole is elongated 243 when one caliper pair becomes 'stuck' in the elongation direction ( Fig. 2 ; Plumb & Hickman, 244 1985) . The combined use of the six logs listed above allows the interpreter to identify zones of 245 borehole breakout and the orientation of the elongation (Fig. 2) . Many non-circular wellbore 246 cross-sectional shapes are not stress-induced, such as washout and key-seating (Plumb & 247 Hickman, 1985) . Borehole breakout is distinguished from other borehole elongations on HDT 248 logs using a strict set of criteria presented in Table 1 (Plumb & Hickman, 1985 (Mastin 1988; Peska & Zoback 1995) . However, the current state of 270 stress in Thailand is believed to be a normal or strike-slip faulting stress regime (Meyer, 2003; 12 strike-slip faulting stress regime (Peska & Zoback 1995 Table 3 ). Image and four-arm caliper logs were also examined in 30 wells that 291 either did not contain breakouts/DIFs or were deviated by >20º and thus were not used herein 292
(ranked E-quality; Table 3 within each basin using the Rayleigh Test to confirm the confidence level at which the null 296 hypothesis of stress orientations being random within a province can be rejected (Coblentz &13 least 97.5%, indicating that the average stress orientations for each basin can be reliably used as 299 regional stress orientations (Tingay et al., in press ). However, it is important to note that there is 300 a significant amount of localized stress variation in several basins, the origins of which are 301 discussed below. Furthermore, aside from some examples discussed below, borehole breakouts 302
and DIFs observed within individual wells generally show fairly consistent orientations with 303 depth. 304 305 Discussion 306
Implications of the Regional Stress Pattern for Deformation Resulting from India-Eurasia 307
Collision 308
The majority of previously published present-day stress orientations for Thailand and Indochina 309 have been derived from earthquake focal mechanism solutions that indicate a curvilinear fan-310 (Fig. 4) . The S Hmax orientations indicated by 362 breakouts in the Pattani Basin also indicate an N-S average orientation, but with a higher 363 standard deviation (40º; Fig. 4) . However, the orientation of the 38 breakouts observed within the 364 North Malay Basin are highly variable; occurring in almost all azimuths, and thus the present-day 365 regional stress orientation in the North Malay Basin is only poorly constrained (Fig. 4) . 366 Furthermore, there is significant variation in the average stress orientations from individual wells, 367 particularly in the Pattani and North Malay Basins, suggesting that horizontal stress magnitudes 368 may be more isotropic in these southernmost Thai basins ( Pladang trend range from NNW-SSE to NE-SW and appear to be locally deflected to remain sub-466 parallel to the strike of post-rift extensional faults (Fig. 5b) . reasonably well constrained N-S average S Hmax orientation (005ºN ± 25º; Table 3 ). However, the 476 stress orientations determined for individual wells reveals that the stress field appears to be 477 locally variable within the Phitsanulok Basin (Fig. 8) . Borehole breakouts indicate an 478 approximately N-S (± 20º) S Hmax orientation in eight wells examined in the Phitsanulok Basin. 479
However, borehole breakouts in three wells suggest local stress orientations ranging from NNE-480 SSW to almost E-W (Fig. 8) . Furthermore, 12 DIFs were observed in fractured Mesozoic 481 quartzites in the basement within Well X that range in orientation from NNE-SSW to NE-SW, 482 indicating a NNE SSW average S Hmax orientation (034ºN ± 9º; Fig. 8) . 483
484
The occurrence of small-scale stress perturbations, such as those observed in the Malay, Pattani 485
and Phitsanulok Basins, is often considered to indicate that horizontal stress magnitudes are 486 relatively isotropic and/or detached from primary sources of stress (Sonder, 1990; Bell, 1996 regime is most likely present in the Pattani Basin. Furthermore, the majority of stress regimes 494 inferred from earthquake focal mechanism solutions in onshore Thailand also suggest the 495 dominance of a present-day strike-slip faulting stress regime (Fig. 1) . Therefore, it is unlikely 496 that the localized stress field variations observed in the Phitsanulok, Pattani and North Malay 497
Basins are due to isotropic horizontal stress magnitudes, nor are there any geological units in the 498 region that are likely to act as mechanical detachment layers. However, the fault-parallel stress 499 orientations observed in the Platong-Pladang trend and in parts of the Phitsanulok and North 500
Malay Basins, suggest that the regional N-S S Hmax stress orientation is being locally deflected by 501 existing structures. Structures that are associated with mechanical contrasts, such as salt and 502 shale diapirs, igneous intrusions and faults can locally perturb the stress field, with the S Hmax 503 orientation typically thought to be deflected perpendicular to mechanically stiff structures and 504 parallel to weak structures (Yale, 1994 Thailand was drilled to estimate the potential for oil production from fractured pre-Cenozoic 511 basement rocks under the Phitsanulok Basin. Well Z, which penetrated the fractured Mesozoic 512 basement less than 1000 meters north of Well X, produced about 1 million barrels of oil (Fig. 9) . 513 However, subsequent wells (X, Y, W; Fig. 9 ) drilled to try and capitalize on this basement 514 production were largely unsuccessful or had only minor production before watering out. 515
Understanding the modern stress field distribution is important for determining why only one 516 well was successful in this field. V and X is NE-SW to ENE-WSW; very different from the overall N-S trend in the Sirikit Field 524 of the Phitsanulok Basin (Fig. 9) . The orientation of open fractures in wells X and Y is what 525 would be predicted from these local stress orientations. There is no borehole breakout data from 526 well Z, but the fracture orientations from core suggest that the S Hmax orientation in the vicinity of 527 well Z has rotated to lie sub-parallel to the adjacent NNW-SSE normal fault, similar to that 528 observed elsewhere in the Sirikit field (Figs. 8 and 9 ). The different local S Hmax orientations and 529 basement fracture orientations between non-producing and producing wells suggest that the 530 NNW-SSE fractures are better connected to oil-bearing reservoir rocks, while the NE-SW to 531 ENE-WSW trends are connected to (deeper) water-bearing strata. 532
533

Conclusions/Summary 534
The present-day S Hmax orientations, combined with the detailed analysis of recent structural 535 styles, provide new insight into both the large-scale and small-scale tectonic evolution of 536
Thailand. This study undertakes the first detailed analysis of present-day stress orientation in 537 sedimentary basins in onshore and offshore Thailand, revealing that a predominately N-S 538 regional S Hmax orientation exists throughout central and southern Thailand and the Gulf of 539
Thailand. The regional N-S S Hmax orientation is broadly consistent with stress orientations 540 estimated from earthquake focal mechanism solutions in Northern Thailand and are interpreted to 541 predominately reflect stresses generated by the eastern Himalayan syntaxis (Huchon et al., 1994) . 542
Hence, the N-S S Hmax regional orientation and normal-strike-slip (S Hmax S v >S hmin ) to strike-slip 543 faulting stress regime (S Hmax >S v >S hmin ) observed in Thai basins is also likely to be primarily 544 controlled by forces generated at the eastern Himalayan syntaxis. The relative absence of natural 545 seismicity south of northern Thailand has been previously suggested to indicate the outer limit of 546 influence of the eastern Himalayan syntaxis on the stress pattern in SE Asia. However, the stress 547 orientations observed from borehole breakouts and DIFs indicates that the eastern Himalayan 548 syntaxis has a major control on the stress field up to 1000 km south of the seismically active 549 Table 1 : Criteria for recognizing breakouts on four-arm caliper (HDT-type) logs (Plumb & 785 Hickman, 1985) . 786
1. Tool rotation must cease in the zone of elongation (maximum of 15 rotation within breakout).
2. There must be clear tool rotation into and out of the elongation zone (at least 30 ).
3. The difference between caliper extensions must be > 6 mm.
4. The smaller of the caliper readings must be very close to bit size ( 5% tolerance).
5. The length of the elongation zone must be > 1 m 6. The elongation orientation should not coincide with the high side of the borehole in wells deviated by more than 5 ( 5 tolerance). 
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